Membrane potential-controlled inhibition of cytochrome c oxidase by zinc.
Like many voltage-sensitive ion pumps, cytochrome c oxidase is inhibited by zinc. Binding of zinc to the outside surface of Rhodobacter sphaeroides cytochrome c oxidase inhibits the enzyme with a K(I) of < or = 5 microm when the enzyme is reconstituted into phospholipid vesicles in the presence of a membrane potential. In the absence of a membrane potential and a pH gradient, millimolar concentrations of zinc are required to inhibit. This differential inhibition causes a dramatic increase in the respiratory control ratio from 6 to 40 for wild-type oxidase. The external zinc inhibition is removed by EDTA and is not competitive with cytochrome c binding but is competitive with protons. Only Cd(2+) of the many metals tested (Mg(2+), Mn(2+), Ca(2+), Ba(2+), Li(2+), Cs(2+), Hg(2+), Ni(2+), Co(2+), Cu(2+) Tb(3+), Tm(3+)) showed inhibitory effects similar to Zn(2+). Proton pumping is slower and less efficient with zinc. The results suggest that zinc inhibits proton movement through a proton exit path, which can allow proton back-leak at high membrane potentials. The physiological and mechanistic significance of proton movement in the exit pathway and its blockage by zinc is discussed in terms of regulation of the efficiency of energy transduction.